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radi o access schene capable of inplenenting a transm ssion rate

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a base station, a control device,

a communication system, and a communication method.

2. Description of the Related Art

Requirements for a maximum information transmission rate in a
moving environment, walking environment, and gquasi-stationary
environment of the next generation mobile communication system, i.e.,
International Mobile Telecommunication - 2000 (IMT-2000) are 144 kbps,
384 kbps, and 2 Mbps, respectively. As a result, it becomes possible
to implement real multimedia mobile communication in addition to voice
service. Considering rapid spread of Internet, increases in the
dimension of information, increases in the capacity of information,
and development of the next generation Internet in'recent years, however,
there is a pressing need in the mobile communication system to develop
a radio access scheme capable of implementing a transmission rate
exceeding 2 Mbps. It is considered to be increasing especially in a
radio link for down direction traffic required to be at a high rate
and have a large capacity, such as for downloading an image, a file,
or a dynamic image such as video data from a database or a Web site.
Therefore, a high speed packet transmission technique suitable for
traffic of high speed and large capacity is indispensable.

From the background as described above, a scheme for implementing
high speed packet transmission with a maximum transmission rate of 2,4
Mbps based on a radio interface of IS-95 has been proposed ("CDMA/HDR:
A Bandwidth - Efficient High-Speed Wireless Data Services for Nomadic
Users," P. Bender, P. Black, M.Grob, R. Padovani, N. Shindhushyana,
and A. Viterbi, IEEE Communication Magazine, Vol. 38, no. 7, pp. 70-77,
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exceeding 2 Mops. It is considered to be increasing especially in a radio
I-ink for down direction traffic required to be at a high rate and have a

| arge capacity, such as for downl oading an inage, a file, or a dynamc

i mage such as video data from a database or a Wb site. Therefore, a high
Speed packet transm ssion technique suitable for traffic of high speed and
| arge capacity is indjispensable. Fromthe background as descri bed above ( a
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packet transnssio | i n,

t echni que pg%ﬁ%%see ?Bg\ X%ﬁ%tl 2o 1 ?-épaem é@%neggiggrsoa%@nf ro ql%%ctt)gr?es
S. Lin, I tbescase dvhearre tharﬁ:pnﬂadwgl @@‘itqlEEE4Co‘Fﬁmmu§‘§?Foﬁf VEgddigedevol .
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base statl on, determines 2
technique proposed in "Automatic - Repeat - Request Error Control

Schemes," S. Lin, D. Costello. Jr., and M. Miller, IEEE Communicatlon
Magazine, Vol. 12, no. 12, pp. 5-17, Dec. 1984 is also studied.

On the other hand, in order to conduct such packet transmission
efficiently, there is proposed a communication method in which a base
station that transmit and receive packets monitors the situation of
data transmission paths formed between the base station and mobile

stations that conduct communication with the base station, determines
2



a nobile station to which packets should be transmtted, and assigns a
channel . For exanple, in the above-described first paper, there is proposed
a nmet hod of nmaxim zing throughput in a sector or a cell by giving priority
to transmi ssion of a packet to a nobile station that is favorable in
feception state and transmtting a packet preferentially to the nobile

station, HOWeYErstddlich ‘EQWrPE)tacQ@tQEEMl@%S%J?aH%ﬂ geSurlhals 0gh

specific nobile station can conduct conmuni cation and ot |ons
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derived. Even for a acke\i}égnce deci ded t trapsm_tted or a pac et

havi ng HPEATIREST iAP N defrbdde oR bRt 1t ks H’ii(f]ﬁ?aB‘E@urgn Japppgte O?P‘E/ﬁetre it
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transm (Sjﬁl e reEhB%'iogeétrl&er gﬁ&rdrcatn%qu%sion rate, however, thereafter the
base station assigns a channel to the packet and transmits the packet,
in the conventional communication method. Also when deriving priority
of transmission, once the base station has derived priority, thereafter
the base station assigns a channel to the packet based on the priority.
When actually transmitting the packet, however, there might occur a
situation where a packet having low priority should be transmitted
rather than a packet declded once to be transmitted or a packet having
priority once derived. Even for a packet once decided to be transmitted
or a packet having high priority derived once, there might occurs a
situation where it is not necessary to transmit the packet immediately.
Even 1f such a situation occurs, the base station conducts channel
assignment according to the priority once derived, in the conventional
communication method. In the conventional communication method,
therefore, the base station cannot conduct channel assignment according

to the situation at the time of transmission without being restricted
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by the priority once derived. For exanple, if the reception state of a
nobil e station that is destination of a packet is not good when a base
station transmts the packet, then the possibility that the transm ssion
will fail is high even if the packet has high priority. This results in
high possibility that radio resources will be wasted. From't he vi ewpoi nt of
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Fig. 3is a di a%ram showi ng a re(ﬁ{eansm ssk Eacket %)I’I or i té cul ation
unit accHMIY ¢ Ta HFRAPSTLBRHIY] tor EQBntD ftion to

mobile station, to the packet based on the priority of the packet
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Figs . 4A and 4B are diagrans showing a transm ssion path situation
priority calculation unit according to a first enbodi nent of the present

i nvention; Figs . 5A and 5B are diagranms showing a QoS priority cal cul ation
unit accor di ng to a first enbodi nent of the present invention; Figs . 6A
and 6B are di agrams showing a transmission waiting tine priori ty

cal cul atv& %[};é&'égcb gr?g%%é‘i%h p%o&legé&n?f@r?ﬂé meply af tEQ§s8£§§ “c?'%t Lon;

Fi gs. are ans Show ng con urations o

wei ght ﬁm@é@gﬁwﬁgnanﬁne Beckedi y the raoml%tst@r\'cﬁ@au %rttheof:h@h@es asghoasdnt

i nvent i ag tlﬁlegghangé\l aswh 8B 1ang idi,agrans showi ng a wei ght cal cul ati on

nmet hod accordin a flrs resent .i nvent 9is
a di agram shoﬁf% Cg”bc-f i i %‘? g%%lﬁr%q:l(?r‘? u%{‘]‘f‘ % ia?%f’&hlmb#o?:“e%‘%ﬁ &ni t
accor di mpcketatfansniepbddizene ¢krinheapréseite itowenti anceFtgin hibhisea

bl ock digrawhs Nerb RO, GO 16141 Ak R of %u‘o%@ﬂﬁg}lﬁﬂfontr@cdrﬁ'o%t?mt

accordlng to a first enbodi nent of present 1 nventi on,
calculation unit calculates prlorlty of transmission of the packet

acquired by the acquisition unit to the mobile station. The weight
processing unit conducts weighting on the calculated priority. The
channel control unit assigns a channel for transmission of the packet
to the mobile station, to the packet based on the weighted priority.
And the transmission unit transmits the packet to the mobile station
on the assigned channel. Therefore, the weight processing unit can
conduct weighting on the priority calculated once by the priority
calculation unit, and the channel control unit can conduct channel
assignment based on the weighted priority. As a result, the base
station can assign a channel as occasion may demand according to the
situation obtained when transmitting a packet, without being

necessarily restricted by once calculated priority.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

Fig. 1 is a diagram showing a configuration of a communication
system according to a first embodiment of the present invention;

Fig. 2 is a block diagram showing a configurqtion of a base station
according to a first embodiment of the present invention;

Fig. 3 is a diagram showing a retransmission packet priority
calculation unit according to a first embodiment of the present
invention;

Figs. 4A and 4B are diagrams showing a transmission path situation
priority calculation unit according to a first embodiment of the present
invention;

Figs. 5A and 5B are diagrams showing a QoS priority calculation
unit according to a first embodiment of the present invention;

Figs. 6A and 6B are diagrams showing a transmission waiting time
priority calculation unit according to a first embodiment of the present
invention;

Figs. 7A, 7B, 7C and 7D are block diagrams showing configurations

of a weight processing unit according to a first embodiment of the
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Fig. 11 is a flow diagram show ng a procedure of a communi cati on nethod
according to a first enbodi nent of the present invention; Fig. 12 is a

bl ock di agram showi ng a configuration of a base station according to a
second enbodi ment of the present invention; Figs. 13A and 13B are di agrans
showi ng a predeterm ned transm ssion rate priority calculation unit

accor di ng LO- 2 S§GRd sgpbodi ment of the present invention; Figs . 14A and
14B are block di agranms show ng a weight processing unit according to a

second enbodi FEMS -ofA 10E BB FenfiagRAtR FoAVIRG @ Ryt B lcud atiew i tHrdam
showi ng acpsecadyne af farsensmBydiadan®n ofethe tpAeLst Wiing dn@iansecond

enbodi nent of the present_jnvention. .DETAI LED SCRI PTI OF THE, | NV | ON
Enbodi ment s of e SpEBeRr i L ISR CROULIT| £ BELOaa SREREROP oPEH b (%
t he drawwegsht [pEiocstsEnpodiiteattofComaniiei safinst Spbvéijers choha predangt 1,

a comuni gatdon,system 1 includes a base station 2 and a plurality of

nobi | e stations 3. The nobile stations 3 transnit and receive packets. The
nobi | e statiofd93 APelfivdi PEPHeHAFaRE, skeEHNGRS sontdangatirephbries (cel |
phones) angn A1 ohodecandost anik \Aricoedeagnudi £ afinyt, etpdddinént N&Eethe
conmmuni CS‘%&Q& and..data,comuni cation. The base station 2 acquires, via a
networ k, “a pacﬁ<lt transnmtted froma term nal device, such as a nobile
terminal, a pérgonbl iGoApthet déporam ehe@ingtd progsdiure of & conmanicatieorbase
station RethaHIdTding 8604l £ &kt inent "er M Ifreslali @Avent fisn Shown

in Fig. 2, the base_stati 2 .includes control device 4, a nefwork
i nterface uni ?lg,' Eztffﬁn%g?n]soscfko Haf B SOV %a?s@ﬁé‘ﬁ&gBFSEéggi?é 4hase | a
radi o ungta®ion awgozdingt eama econfhembodiment devitde present invention;
Figs. 13A and 13B are diagrams showing a predetermined
transmission rate priority calculation unit according to a second
embodiment of the present invention:
Figs. 14A and 14B are block diagrams showing a weight processing
unit according to a second embodiment of the present invention; and
Fig. 15 is a flow diagram showing a procedure of a communication
method according to a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described with
reference to the drawings.
[First Embodiment]
(Communication System)

As shown in Fig. 1, a communication system 1 includes a base
station 2 and a plurality of mobile stations 3. The mobille stations
3 transmit and recelve packets. The mobille stations 3 are mobile
terminals, such as portable telephones (cell phones) and PDAs, for
conducting voice communication, dynamic image communication, and data
communication. The base station 2 acquires, via a network, a packet
transmitted froma terminal device, such as amobile terminal, a personal
computer or a server, toamoblle station 3. The base station 2 transmits
the acquired packet to the mobile station 3.

As shown in Fig. 2, the base station 2 includes a control device
4, a network interface unit 5, a transmission buffer 6, a baseband

processing unit 7, a radio unit 8, and an antenna 9. The control device
6



6 4 includes a signal processing unit 41, a tinme control unit 42 , a
priority calculation unit 43 , a weight processing unit 44 , a priority
conparison unit 45, and a transm ssion decision unit 46. The network
interface unit 5 is connected to a network 10. The network interface unit 5
is an acquisition unit for acquiring, via the network 10, a packet

transm tedohiaRLa éf{;xﬁ‘&fﬁkoé‘@é’éﬁ?g Lhat 4 S aatint@eéﬁrtﬁéi QRiEQYr, %pptotb@y
packet to a npbile station 3. The network interface unit. 5 stores the

acqui r edci’)%t‘&‘kje?t’r?fl PR&t t43an rY’l%@l’“&PWISéImS unddoht agRf $9igE % FEMPRELERD
t he net wankti a4 erdrat e wahshinstod i@scildient unetcomtrol unit 42 of data for
|dent|fy|ngt r e i.f .eation
dat a" . Furt eef?nit%tlﬁggr{( eq{fta%r L§£ g %cégﬁﬁ%t%@t&gkésﬁ%ﬁ{gfg 6§6kefhe
tr ansm t ReEWeRk tltﬁ’éetféﬁﬁﬁnwlwévi%@nbﬁlcqwiﬁilﬂnl enist fidroACQubRHth g e¥davERE by

the radi ge btk 810 f ra0Pahett taaﬁéthﬁedém tRaff ar t&mm tdeAnT ttﬁatthes p&tcket
to the term nal deV|ce wa#mt vvo% ]t(r)acc rjgll % gcon#rol

control HEVFERL9S IOMhEOPFSRs CoR2BEF T &° & T ER&EECRot i H‘Beuﬂ? w?]f)lf

hol di ng patkeface uvAipaTilsgbres Htooreduined hP@CkBaITSthSI orarbufifseriof byffémw
network gnt @fpfo%cecaathég otrné fg;ectea%ebete rert%eﬁsmeemtée GmiR Bafsel el d ,

in the transm ssion i's taken out he baseband processi ng _uni t
or the nERSWITRS ﬁ?%F¥%lJCém&ﬁl t2 »f dpga t?%eb‘é?ﬁtipﬁydc‘é?s‘épﬂc?%ett rhespatiees

si gnal pf@s@&semgo asUtfa B tel dart ifildat e bh@ateoqi. ngFdnthexfaiogadi i network
modul at | gﬁ‘te df:” gln%aé‘sc@k%é'g@t % Q&Leé %rgﬁsxh{f?@é&‘t ot 86 L A a'ID&’énce
station conduct's si gnal proc SSl ng, Ssuc as error correction deco 1 ng
and despbeathegrotode ﬁéalté@él Qe@n%lwlvﬁécélfv‘e@e bsadife yrddi § - uﬁFPm8the

Fur t her nof gn st {¥es lkas ehaner 1,0688 @ shilith thd Bkege oulo ahaetcek:atmtao_ @@vice

transmttedtoth I W Jro h sm ssi.on fer
conduct s Jt?‘ne a ove é:g(crllsbg%ggrgﬂ}i% tor gg?éc%l %g&%ﬁt’}% onzfrl?lt SVand %)row des
t he radi o unitTh® \‘Mrﬁhsmhésm@dé#m éabke% PaCFGﬁith@l@bF% Juntite fhaskdbdithg
ItOL ocesg I ;Iagc}twtét, 7Aa§ecmterte§s tpaekeln thans@nthedsion bottefbererrwadned@ytts&n@y

e nobi i on

d d t t
5 and LEGTEIRETIECRAY e HES e AEOERBR BN 4 ThoAsketenelhchhes
a data ptn¢ traassissted buf fidres nighitkgestatt by hepagebendipm@cedeingeumitd a

control 4nforymd iRkt 1heEreQ0E @t B9 tFROSIHTHR stoeees kelit Hhe
control Inf or ITB.tI on part includes 1nformati on concernin ﬁé{lpal Ity of

Ser vi ce)c%‘P YHes p'%t(?ﬁ’@tl PTREPEEITI®r T ete8TFOF %Oﬁ?ﬁf’:’f’t%‘f &P oﬁnd)
dat a i demprdading aods@ntdént e hbbitmrstreisisdon I idnalheot bansmnsgiitned to
destinat{ph fpd dlgee J1atkeh 3 and NES RIS s &Gftgir?goé@ssaﬁxgl d%% ”QE' QPﬂé'éer

identification ta"), packet 1dentification d

t er mi nal SefeRA Tl V¥ d@ﬁedﬁPSn%rf'ﬁ S&spReagirge °rt’a§ht3rEﬁ‘éﬁ‘ﬁ%ﬁl@ﬁé‘lpéﬁﬁ%’tved
(her eaf tey trnef edd el uhatas. " Fantherhdsans rhe Yazebhndepjocekd ngasebarndtakes
pr ocessi UGS QU LRER O] Glo |:REORIRLI O PALLa00 | BERAEKS!
taken ou e transm ssion 6, provi des the “§i

processi h@aQﬁW%S%Pf\APPﬁf?ﬁé'cﬁﬂt“?‘éthﬁ ﬁﬁ@r?ﬁﬁ%ﬁeﬁé’ﬁfﬁ-becﬂt@% PRPEEFEIRDN
i ncl udesopena §§d:}bé€ delbayrdv i Ptndatadi causey i wetichassprisrd doll backet .
transm Sﬁ%%éﬁ Gtree Q%Ck%%s;e?;ug asocveosls e CQ chat on service, gynam C

i mage comMUnTCation servicas ooy ni'cati on"SEHVie ? BRG § “packet
transm strmﬁmlaﬁ@%ﬁsmf@jtbymtlml Q@Sl(:hérYeélfl@ EObAaes tatiiano3 and S hesdir ed

transm sey%é AR ufiEt HErFmIe thkhPa§HS ahANd 8Pr ARESSEIYE I Hihe HadREHI {1£S a
nal fromthe iounit 8. The control information contains

control % g

ACK/ NACK ]il f I TG S8R PRAFBF nfit i on concerning the transmission path
situation (herkref peckeefiaciedes @ dsta pamsnismisod tgadhte mhermeiilensyation
transm t§egd, fr @&tb&ﬂ%d&étﬁ&Iaprao%trlhelr%iet%e&@npﬁgeesfﬂrneoi—tettlhwe

signal pr oceSS| ng, unit 41 with the control signal. A caontrol channel 1 n an
up di r ecEFRETESSRN Rt WBenPRfkehobiThe SPREF %‘ﬁé’rﬂ‘attl’r@“baé‘et stzttuies.
The nobi i efetmdt oon TdnceraintysQdbe( @uoaitintyl ofi gnatrlct:@) tdfe thas paskati on 2 on

t he cont fQre f c

a result o% %%%Q |r8r)i::£gfg @ q%éfgli(r?llt F“%QE |Ie égt:t%i gé\ggﬁi%}d‘qo |ng
an ACK (%ﬁK‘?’Rﬁ/\A‘T@G’Qé)‘l $E%‘1b7eﬁfsé Ofht iteh tFﬁBF@a’E%%OTt %tstriééébtmcmf dhet Eécb‘%ket
has been successful, and a NACK (Negatiwe Acknow edge ) response ) which

i ndi cates that the recepti on of the packet has failed and retransm ssion of
t he packet is requested. The antenna 9 receives the control signal
transmtted fromthe nobile station 3 and a packet directed to the term nal
device, and provides the radio unit 8 with the control signal and the
packet. Furthernore, the antenna 9 transmits a packet provided by the radio
unit 8 to the nobile station 3. The radio unit 8 is a transm ssion unit for
transmttl ng a packet on a channel a55| gned to t he packet to the

N o o, 4 Y . e A ——



conversion on them and provides the baseband processing unit 7 with them
The radio unit 8 notifies the priority calculation unit 43 of the nunber of
nobil e stations connected to the radio unit 8 formed transm ssion paths.

The control device 4 is provided in the base station 2. The control device
4 controls transmission of a packet to the nobile station 3 by assigning a
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unit 41 and holds it. The time control unit 42 acquires the current tinme
fromthe clock 42b, conpares the current tinme wwth the source transm ssion
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12 priority calculation unit 431 previously sets retransm ssion packet
priority provided in the case of a retransm ssion packet, and

retransm ssion packet priority provided in the case of a new packet. The
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time control unit 42 continues the measurement of the transmission
waiting time. Therefore, the transmission waiting time continues to
be updated by the time control unit 42.

As the control of the delay time, to be concrete, the time control
unit 42 conducts calculation of the delay time and notifying the priority
calculation unit 43 and the weight processing unit 44 of the delay time.
The time control unit 42 acquires the source transmission time

associated with packet identification data from the signal processing
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that is less in margin for the desired delay tinme, and neet the QoS request
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(Comuni cati on Method) A commruni cati on net hod executed by using the
tonmuni cati on system 51 1 wll now be described. As shown in Fig. 11 (
first , a packet froma term nal device arrives at the base station 2 via
the network 10, and the network interface unit 5 acquires the packet (S101)
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A second enbodi nent of the present invention will now be described with
reference to the drawi ngs. A comunication system according to the second
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system assured transm ssion rate of the transm ssion destination user
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predeterm ned transm ssion rate(n) S predeterm ned transm ssion rate of
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result storage unit 2441b, and obtains the estimte value of success
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probability. The wei ght cal culation unit 2441d cal cul ates a wei ght based on
the reception rate of the nobile station 3 (hereafter referred to as
“reception state weight"). The weight cal culation unit 2441d provides the
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frombeing transmtted e weight calculation unit ermnes in
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desired to be nade higher in priority a reception state wei ght "having a
val ue greater than unity, adding a receéPlon state wei ght having a negative
value to the priorities of packets of other users, or nultiplying the
priorities of packets of other users by a reception state weight having a
val ue less than unity. The wei ghting processing unit 244le provides the
priority conparison unit 245 with the weighted priorities. According to the
wei ght processing unit 2441 ( it is possible to conduct weighting on the
priority according to the actual receptlon state of the nDblle statlon 3
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63  weight processing unit 2441 can conduct weighting so as to nmake the
priority of a packet to be transmitted to that nobile station 3 |ower than
priorities of other packets, and thus nake the priority of the packet |ow.
In the case where the actual reception state of a certain nobile station 3
I s good, the weight processing unit 2441 can conduct weighting so as to
make the priority of a packet to be transmtted to that nobile station 3
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t he packet. As coBt HR} 12l a n g4+C e
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t he packet wth e reception state weight or g priorities of othe
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stations s» abado maRe godpt Dot ECE P tma @taaketwd be raeepmienedtrat ehé\l@rlcgﬁtl.& .

Thus th t gt t
{ransm SSURTST 3 bookar fieal titEll: thall pEELoft A B BRREE HRAYLL Ehveon
state, tdakes ﬂa@lpélemty ®f thriPREBAT \hé@thlfﬁgi @ﬁ@%%én@%@dut@ég aghignede

base Statﬂd)f’thgogaéﬁétgn%sa haraek t@ha w@ttadubacbeaaﬁqn@u{mxﬂ enat ation
3 that i %ood In reception state tgbetg g robab t?l’{ of success of

e anem sQn SgsuRerAteTRe s ErEy Uif BrRlaRiArevigd mhaRsrigr ey Tate.
cal cul at izodd whiet b248 & basreErERUNegwiransneseiaf tate, packeassiirecthed usert he

mobi | e stgtiy@R,3 that is not good in recept ion state. Thus it |s possi bl e
to prevent resources from bein J\;%ste 14B shows a V\BI% rocessing

unit 2442 for CBNAUELSIRR wWEPGNTS toHrBF?BgH?/ W Es Gt HfEAMPEIESy TR RGtgaLi ng
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and LPeG%Q:IaQﬁ.oEI BBy THee e Gl s dH1QRS $rBfsib {1 f4%5A! GHkatRS R SyHt heti c
wei g processing unit 441 does not conduct weighting for making the priority

of a packet to be transmitted to the mobile station 3 of the user high
while the actual transmission rate is faster. Even if the priority of
that packet is originally high, a packet made high in priority as a
result and included in other highly urgent packets to be transmitted
earlier, if any, is transmitted earlier. Therefore, the base station
2 can cause transmission of a packet that has amargin for the QoS-assured
transmission rate or the system-assured transmission rate to become
later, prevent a packet from being transmitted at a transmission rate
that is excessive as compared with the assured transmission rate, and
give priority to a packet to be transmitted earlier, such as another
highly urgent packet.

The weight processing unit 441 may compare the actual rate of
transmission of a packet to a user of a certain mobile station 3 with
the prescribed transmission rate, and conduct weighting so as to cause
the priority of the packet to be transmitted to the mobile station 3

of the user to become low while the actual transmission rate is fast.
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by using, in addition to the reception state of the nobile station 3, a
plurality of other kinds of information, and conducts wei ghting. The wei ght
processing unit 2442 includes a success probability calculation unit 2442a,
a transm ssion actual result storage unit 2442b, a success probability
estimation unit 2442c, a transm ssion rate conparison unit 2442d, a
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cal cul ati on and wei ghting again, and notifies the signal processing unit
241 of a packet to be assigned a channel . Furthernore, the priority
conparison unit 245 notifies the time control unit 242 of the result of
priority conparison. The priority conparison unit 245 notifies the tine
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executed or left over, in association with packet identification data of

t he packetseThen piek dloSg@ssureAetiransnbies diehnt wadbingntimanshiussidontbaters a

queue. Tl@@aﬁémaslém@aatmg GIRE R uehgo%%ﬁwzawa@ﬁ& 05asuEerRAL 1 Of
the transm ssion waiti cket. a nOtIC avl n Qver

transmi sgifoFP%fp%ﬁecthfﬁgg‘ Blé%rflgﬁ’\?&npg%c?%lrﬁ ﬁlé‘léoﬁf‘ro?ncﬁrﬂett 13065 e
prioritypceapaibsdrtranismi245on Amidingsting. t ie thanrsisesshene waptrengribaexe of

the packﬁgﬁmgg%@'daﬁm@awme &0 dh8 RidhehsBangn @t?e fa;sttemﬁ Rackel

j udged t e transmt i't 1s not necessary to update t'he transm ssion
wai ting EFABSMAFRH Qb 1SEddSst Lme hEs (43R4 c SRer SFRRFPESDien Maditdngs tine
nmeasur enesipetisde driansu2as aesomﬁemgﬁammbmoh haésmmatﬁdme uBklrority
conparison _u nents, a channel Aty uni t 1at as i.gns.a
channel §?¢?’§h§?ﬁ%s”iﬁ1§rﬁto tl B §E S ral?)eon%éan %l%s pacKet %%Eiimﬁn
priori tydgterrhen@tadwevSMGgm%(ﬁYwetﬂhéSm%ttrpm@m%ilﬁg wrl i 4 imenthée

control deuices 204suAde Jrecanhi 9@1@5 attrf‘errpf the tfmgnas%tlaw QBi8ih§ time
considered by the wei, processi ng uni arison unit

ht 244, i
595 can CORRYELSChANHY 428 GABH Sy Rebrigar SHYS B bor 141 eoh it 86”
consi der iagnt heic=icept idatastate. tha dipnadoprrobsdeng cen2041 tindr ebqueres
processi pgeofr g a ac%aa'smggﬂ%%o Gadh DS titfE! b%'ﬁqi%a@raqumr s8dpi th the

control device shown in Fi mruni cati on A conmuni cati on

met hod ef@&hieytbyn %Pﬁgl@%tjc@rﬁﬁ}ﬁ-loéa@?% s§§t@hﬁ‘|cﬁ§leumlﬁﬁe ttherpaseibed

fst ation EEEnMié%imWwbetdﬁgwﬂnﬁedetMﬁW\naséﬁ bingthd basefsd testion as@@:@&fk t)
roma t evl ce riv S t 0) V|atenewor 10

and the ﬁe W(Q)ﬁﬁ1 3 ace %?m% aucset%f‘r ggzt %;égggmﬁ l 8 §'23(3'r1l tc

net wor k pﬁmeata%@n quitt 2@8atkoistsy ahpl L)r%t’:@ﬂé@dt ﬁéaaérqmswe@ pac,lltengu hlmehe

transm ssion bi{d @-aR6R1sden Qa&e@agdtﬁ@@eaﬁaﬁgsmIutm%OZ4ia@\iﬁqubstﬂee

packet fr%‘[_n 5_1 transni ssion rovi d na rocessi ng

unit 241%@F YR (HENEBAEPOP Wr?florlﬁﬁt‘ild‘}? asatps? ?’ﬁérﬁgc%"t ‘f"ﬁe dﬁ&l unit

processi Ag finem tizel time qliemethpStvatoinierbacand itrahssiacgudnedespaciet on

user lde@héftfaﬁémgebtnawfa&%hgh@nﬁ@radne:larﬁzon bRierigdd %yparct;u%etbﬁe
packet. The predetermn 13 %nsm SSi 0 agg priori t%/ cal g:ngga ion upit, 2435
hol ds t hETEPEREHT LT SR 1088 haPP e St i PT cRTTHH ﬁanﬁ‘ﬂjessmn
syst em awsilt édg triams gpssionouate. sFhastranssisedioat wai hbmg winte eanpant swer

and vaUhﬁi’E Mtea S¥mbeit aSEHY ﬁ@!tﬁéﬁ"c&@n%ﬁﬂiggléﬁt@aﬂfln@ HoRé t@fus%@?@if@d
station 3.t is transm ssion destination based on the transm ssi on

dest i nat i"bﬁ J@ap%seqﬁ%tﬁ%mwmn R TS HH?%9 aPﬂéF‘%‘rlé'r&éFé’r HRRbytion
transm sstotrhe ettrenpmnssi@y weelltdnlgat 1o, UAEt tiRet 35 taedui r assrQESiassud tting
transm ssign Late.d4d AR @%ege&b]@a %fa;gna@sibﬂ &Qme{@ym{ehetg@ﬁdeﬁgr m ned

transm ssion rate priority calculation unit acqui res %ﬂa et erm ned
transm s§F6ﬂS‘Pa§%“?‘hf”’é‘llﬁéflﬂo‘hl“(esfeﬁ)’ar?ﬁ?%t’ﬁnlié 380 |56ﬁr§50 deferaetdt i on
t 0o det er whhke Whied hegtidleteansmans e G\raimintgheimeces VEsk patieat ofS2@3al tkhe
nobile s QR et i

202 on atrclﬁ% co%tr E%?H%%Panne Sggégk%%g%?gt% m@ t%i% %@ns}%%nﬁ@eﬁ&& e’

i nf or mat F@‘F‘ip@ﬁl%‘w i tf éé%l%a%ﬂ@d(uszté&)"thlﬂﬁtg P&d?lbe lP%F‘lerZGJSZ‘P &0 gertines
control Ebgﬂﬁaﬂufé@nﬂﬁ&&lrﬁﬁbmhesSﬁwﬁ-t\h&l'thﬁ:,gb&ﬂdgthg signal processing unit .
241 acquires t nt.ro i gha r the baseban ro eSSIn uni.t 207, an
acquires the A nPn?g?%g |(§3 ?g]ﬁogsansf]hessrleo r‘g?%{r::n |o(r1;1lle §epRgrison
priorityusakctdzai gheuhimeps3Lbdetarps measwirenpet Qméclplaekéltl)e @dBer 442b

i nf or mat j,@ls0te ¥Whheht ihase Daa RSt £d 1IQYS1:ta|3:Qe§"rﬂ}1@1|1e EEQE@xﬁﬂﬁbrP@éiti?rfbl at
the step 8202%?| S a retransm SSI on Eac or a ase

packet |Béﬂ?| BREFT LiPHat tatd“E he? ﬁ@ﬁﬁQanFE %ﬁQﬂF(9Q§fﬁéafionT?ﬁ}t
nobi | e staktownithetlie neres tvhdubr anbrtidsitba pitdr s44Aratisos taBS26d) by Tie
mobi | e stak}op; g s EARNRM LS ot b@m@%&%&q@ohr@mﬂm Ontﬂé‘tﬂrﬂir_t Ugbhopa 1 the
base station 202 on an up control channg% as a control signal containing
transm ssion path information to effect~feedback ( S208 ) . The radio unit
208 receives the control signal fromthe nobile station 3 , and the signal
processing unit 241 acquires the control signal fromthe baseband
processing unit 207 and acquires the transm ssion path information (S209).
The priority calculation unit 243 cal cul ates the synthetic priority of the
packet based on the QoS information, the new retransm ssion packet
|nfornat|on t he transn155|on path |nfornat|on and the predeternlned

o e . P~ A M\ o o



of a certain packet wwth weighted priorities of other packets, and

det erm nes whet her the packet should be transmtted (S212). |If the wei ghted
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transm sgh@Ne Wbt value “T1”, a transmission waiting time weight certainly
maximizing the priority of the packet among packets waiting for channel
assignment in the base station 2.

The weighting processing unit 4424 conducts weighting processing
by performing addition or multiplication between the transmission
waiting time weight provided from the weight calculation unit 442c and
the priority. In the case where it 1s desired to make priority of a
packet directed to a certain user higher than priorities of packets
directed to other users, it is possible to conduct weighting processing
by adding a transmission waiting time weight having a positive value
to the priority of the packet directed to the user desired to be made
higher in priority, multiplying the priority of the packet directed
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to the nobile station. 3. The base station according to claiml, wherein

t he wei ght processing unit conducts weighting on the priority based on tine
during which the transm ssion unit does not transmt the packet, since the
acquisition unit has acquired the packet. 4. The base station according to
claim1l1, wherein the weight processing unit conducts wei ghting on the
priority based on tinme el apsed since the termnal device has transmtted
the packet.tlye U&wr Besdrstatpobe auady dilwgeroinl BFpenitiier @ nrahemies Hor

processi fg; Y d {ﬂ@%tﬁgh\eehgb&hgga Qﬂaltdbe Jeb@Ert Ynbasesh 8n adagagpLi on
state of the nobile station. Ibtnzlevﬁtatlon according to clajm1,
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priority comparison unit 45 with the priority as it is. When a weight
is not provided by the weight calculation unit 442c, the weighting
processing unit 442d may conduct welghting that does not change the
priority, and provide the priority comparison unit 45 with the weighted
priority.

According to the weighting processing unit 442, it is possible
to conduct weighting on the priority according to the actual
transmission waiting time and change the priority, and the control
device 4 can conduct channel assignment with due regard to the actual
transmission waiting time. Especially, only in the case where the
actual transmission waiting time of a packet directed to a user of a
certain mobile station 3 has become great as compared with the prescribed
transmission waiting time determined based on the QoS-assured
transmission waiting time, the system-assured transmission waiting
time, and the base station assured transmission waiting time, the weight
processing unit 442 conducts weighting so as to make the priority of
the packet to be transmitted to the mobile station 3 of the user higher
than priorities of other packets, thus makes the priority of the packet
-high and causes a channel to be assigned to the packet. Aas a result,
the base station 2 can maintain the QoS-assured transmission waiting
time, the system-assured transmission waiting time, and the base
station assured transmission waiting time, assure the user of them,
and maintain the fairness between mobile stations.

In addition, the weight processing unit 442 compares the actual
transmission waiting time of a packet directed to a user of a certain
mobile station 3 with the prescribed transmission waiting time, and
the weight processing unit 442 does not conduct weighting for making

the priority of a packet to be transmitted to the mobile station 3 of
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of the packet. 10. The base station according to claim1, wherein the
priority calculation unit calculates the priority based on tinme during

whi ch the transmi ssion unit does not transmt the packet, since the
acquisition unit has acquired the packet. 11. The base station according to
claim1l1, wherein the priority calculation unit calculates the priority
based on a predeterm ned transm ssion rate determ ned as a transm ssion
rate of ttheeupackévhtwhddenthe edtfipbrhranemi sahemivestong triime toshbet nolbivee

stati on.cl2ncThey ey sathon e60ndi 8ol Qrelaald Aiohthel gaBybBendid gy 15
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addi ng u\p_trmme adsyreflidkagdmission waiting time, and give priority to a packet
to be transmitted earlier, such as another highly urgent packet. The
weight processing unit 442 may compare the actual waiting time of
transmission of a packet directed to a user of a certain mobile station
3 with the prescribed transmission walting time, and conduct weighting
so as to cause the priority of the packet to be transmitted to the mobile
station 3 of the user to become low while the actual transmission waiting
time is short. As a result, it is possible to give priority to a packet
to be transmitted earlier, such as another highly urgent packet, more
certainly.

Fig. 7C 1s a block diagram showing a weight processing unit 443
for conducting weighting on the priority based on the delay time. The
welight processing unit 443 includes a delay time comp'arison unit 443a,
a timer 443b, a weight calculation unit 443c, and a weighting processing
unit 443d. The delay time comparison unit 443a compares the actual
delay time with a prescribed value of the delay time determined
beforehand (hereafter referred to as “prescribed delay time"). The
prescribed delay time can be determined based on, for example,
permissible delay time contained in QoS information. The prescribed
delay time is delay time serving as a criterion in determining whether
weighting for changing the priority should be conducted. Therefore,
a value that is less than the permissible delay time to some degree
is set so as to satisfy the permissible delay time.

The delay time comparison unit 443a acquires QoS information of
the packet from the signal processing unit 41, and determines the
prescribed delay time. The delay time comparison unit 443a acquires
the actual delay time of a packet from the time control unit 42 from
the time when the network interface unit 5 has acquired a packet. The
delay time comparison unit 443a may acquire the delay time periodically,

or acquire the delay time continuously. The delay time comparison unit
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priorities respectively multiplied by the coefficients. 14. A control
device conprising: a priority calculation unit for calculating priority of
transm ssion of a packet to a nobile station; a weight processing unit for
conducting weighting on the priority of the packet cal culated by the
priority calculation unit; and a channel control unit for assigning a
channel for transm ssion of the packet to the nobile station, to the packet
based ort439ecprPa¥¢q \Lhef acheapaieday wWengHihed bydehecdwiight the qeessiragednit .
15. A CoETURi £8hé orar@yﬁbﬁm@pmar {réi::[@tio}h Bebih& astali eimd Or TeOPKRIGKILRE 1
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for cal Citg 3kl Qgtﬂéhostté/qtpefl HARBE §3LO8r Hed RR21RGCH The ACHIL FEMH Y e
acqui sition unit e nobile

comparison unit 443a conducts nothing on the timer 443b and continues

to monitor the delay time.

Upon being started by the delay time comparison unit 443a, the
timer 443b starts measurement of time. The timer 443b measures the time
elapsed since it is started by the delay time comparison unit 443a,
and provides the weight calculation unit 443c with the timer value.
Until the timer 443b is started by the delay time comparison unit 443a,
the timer 443b waits and conducts nothing on the weight calculation
unit 443c.

The weight calculation unit 443c calculates a weight based on
the delay time (hereafter referred to as "delay time weight”) as a weight
for weighting the priority. The weight calculation unit 443c provides
the weighting processing unit 443d with the calculated delay time weight.
The weight calculation unit 443c substitutes a timer wvalue acquired
from the timer 443b for a delay time welght function in which the delay
time weight changes according to the timer value, and calculates the
delay time weight. While the timer value is not provided by the timer
443b, the weight calculation unit 443c does not calculate the delay
time weight.

At a timer value "T2", it is possible to prevent the delay time
from exceeding the permissible delay time by conducting packet
transmission once. If packet transmission is not conducted, then the
delay time exceeds the permissible delay time when the timer value has
exceeded "T2". In other words, at the timer value T2, the delay time
can be maintained equal to the permissible delay time or less after
executing packet transmission once. At a delay time weight, a channel
is assigned to a packet to be transmitted to the mobile station 3 and
the packet is transmitted without fail. As for the delay time weight
function, such a function that the delay time weight is calculated by
arrival of the timer value "T2" is used. TFor example, it is possible
to use, as the delay time weight function, a function that gives, at
the timer wvalue "T2", a delay time weight certainly maximizing the

priority of the packet among packets waiting for channel assignment
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station; a weight processing unit for conducting weighting on the priority

of the packet cal cul ated by the priority calculation unit; a channel

control unit for assigning a channel for transm ssion of t he packet to the

mobile station, to the packet based on the priority of the packet weighted

by the weight processing unit; and a transmission unit for transmtting the
packet to the nobile station on the channel assigned by the channel control
unit. 16inAtkenpase celtdtoremet-hod conpri sing: acquiring a packet transmtted

froma term nafhéi%agﬁtaﬁg%faseggg,e.n@tu%wtomsa:abﬁa’uaéé %1Bﬁt9ﬁbgn\fo@te551ng

transm ssion of the acquired packet to the nohile statjion; .con
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the wei 9% reI Q/Jrl'llet]:% 9‘: {Q%J&%@%ﬁt to E?rﬂlquggriorlty cof a packet directed to
a certain user higher than priorities of packets directed to other users,
it is possible to conduct weighting processing by adding a delay time
weight having a positive value to the priority of the packet directed
to the user desired to be made higher in priority, multiplying the
priority of the packet directed to the user desired to be made higher
in priority by a delay time weight having a value greater than unity,
adding a delay time weight having a negative value to the priorities
of packets of other users, or multiplying the priorities of packets
of other users by a delay time weight having a value less than unity.

The weighting processing unit 4434 provides the priority
comparison unit 45 with the weighted priority. When a weight is not
provided by the weight calculation unit 443c, the weighting processing
unit 443d does not conduct weighting processing and provides the
priority comparison unit 45 with the priority as it is. When a weight
is not provided by the weight calculation unit 443c, the weighting
processing unit 4434 may conduct weighting that ddes not change the
priority, and provide the priority comparison unit 45 with the weighted
priority.

According to the weighting processing unit 443, it is possible
to conduct weighting on the priority according to the actual delay time
and change the priority, and the control device 4 can conduct channel
assignment with due regard to the actual delay time. Especially, only
in the case where the actual delay time of a packet directed to a user
of a certain mobile station 3 has become great as compared with the
prescribed delay time determined based on the permissible delay time,
the weight processing unit 443 conducts weighting so as to make the
priority of the packet to be transmitted to the mobile station 3 of
the user higher than priorities of other packets, thus makes the priority
of the packet high and causes a channel to be assigned to the packet.
As a result, the base station 2 can assure the permissible delay time.

In addition, the weight processing unit 443 compares the actual
delay time of a packet directed to a user of a certain mobile station
3 with the prescribed delay time, and the weight processing unit 443
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transmtting the packet to the nobile station on the assigned channel. 17
The communi cation nmethod according to claim 16 ( wherein the base station
conducts weighting on the priority based on a transm ssion rate of the
packet transmitted fromthe base station to the nobile station. 18. The
communi cati on nethod according to claim 16) wherein the base station
conducts weighting on the priority based on tinme during which the base
station does Ret ontrh Well9BtpREKERT (Madilnde thAPBEREL St &f anpaake cduibeed
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The weight processing unit 443 may compare the actual delay time
of a packet directed to a user of a certain mobile station 3 with the
prescribed delay time, and conduct weighting so as to cause the priority
of the packet to be transmitted to the mobile station 3 of the user
to become low while the actual delay time is short. As a result, it
is possible to give priority to a packet to be transmitted earlier,
such as another highly urgent packet, more'certainly and prevent a packet
from being transmitted with a quality that is excessive as compared
with the permissible delay time.

The weight processing unit 443 may calculate a synthetic weight
based on a plurality of kinds of information (heréafter referred to
as “"synthetic weight") as the weight, and conduct weighting. Fig. 7D
shows a weight processing unit 444 for conducting weighting on priority
by synthetically considering the transmission rate, the transmission
waiting time, and the delay time. The weight processing unit 444
includes a transmission rate comparison unit 444a, a transmission
waiting time comparison unilt 444c, a delay time comparison unit 444e,
timers 444b, 4444 and 444f, a weight calculation unit 444g, and a
weighting processing unit 4441. The welght calculation unit 444g
includes a transmission rate weight calculation unit 444h, a
transmission waiting time weight calculation unit 444i, a delay time
weight calculation unit 444j, and a weight unification unit 444k.

The transmission rate comparison unit 444a, the timer 444b and
the transmission rate weight calculation unit 444h are substantially
the same as the transmission rate comparison unit 441a, the timer 441b
and the weight calculation unit 441c shown in Fig. 7A, respectively.
The transmission waiting time comparison unit 444c, the timer 4444 and

the transmission waiting time weight calculation unit 444i are
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station calculates the priority based on a situation of a transm ssion path
fornmed between the base station and the nobile station. 24 . The

comuni cati on nethod according to claim 16 ( wherein the base station
calculates the priority based on quality of service of the packet. 25. The
communi cati on nethod according to claim 16, wherein the base 73 station

calcul ates the priority based on tinme during which the base station does
not tranditaiel Pdokele safpmetindrBasSB1sELeT YA 1HARI dcddEi ¢ P IS Paekkt .
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of Infor£§§5ﬁ¥hc;yg%lation unit 443c shown in Fig. 7C, respectively.

The transmission rate weight calculation unit 444h provides the
weight unification unit 444k with the calculated transmission rate
weight. The transmission waiting time weight calculation unit 444i
provides the weight unification unit 444k with the calculated
transmission waiting time weight. The delay time weight calculation
unit 444j provides the weight unification unit 444k with the calculated
delay time weight. In the weight calculation unit 444g, the
transmission rate weight calculation unit 444h, the transmission
waiting time weight calculation unit 444i, and the delay time weight
calculation unit 444j are individual weight calculation units for
calculating individual weights based on respective kinds of information
(hereafter referred to as "individual weights”).

The weight unificationunit 444k unifies a plurality of individual
weilghts calculated by a plurality of individual weight calculation
units and determines a synthetic weight. The weighf unification unit
444k unifies the transmission rate weight, the transmission waiting
time weight, and the delay time weight, which are individual weights
respectively calculated based on the transmission rate, the
transmission waiting time, and the delay time by the transmission rate
weight calculation unit 444h, the transmission waiting time weight
calculation unit 444i, and the delay time weight calculation unit 4447.
The weight unification unit 444k thus determines the synthetic weight.

The weight unification unit 444k can determine the synthetic
weight by, for example, adding the individual weights, i.e., the
transmission rate weights, the transmission waiting time weights, and
delay time weights respectively multiplied by coefficients. Each base
station 2 may set the coefficients as fixed values, or may determine
the coefficients according to the situation and change the coefficients
adaptively according to the situation. The weight unification unit
444k can freely change a condition of calculating the synthetic weight
by changing setting of fixed values of the respective coefficients or

determining the respective coefficients according to the situation.
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wherein the base station calculates a plurality of individual priorities
respectively based on the kinds of information used to calculate the
priority, and the base station unifies the individual priorities and
determnes the priority. 28 . The communication nmethod according to claim
27 ( wherein the base station determnes the priority by multiplying the
individual priorities respectively by coefficients and adding up the
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2 can prevent a packet from being transmitted with a gquality that is
excessive as compared with the assured transmission rate, the assured

transmission waiting time, and delay time, and give priority to a packet
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packets directed to the users #1 to #k of the mobile stations 3 every
user, and calculates the synthetic priority of each of packets directed
to the users #1 to #k (5051,505k). The priority unification unit 435
provides the weight processing unit 44 with the synthetic priority.
The weight processing unit 44 conducts weighting on the synthetic
priority of a packet directed to each of the users #1 to #k (5061,506k).
Finally, the weight processing unit 44 provides the pfiority comparlson
unit 45 with the weighted priority of the packet directed to each of
the users #1 to #k (5071,507k).

The priority comparison unit 45 compares priorities of packets
weighted by the weight processing unit 44 with each other, and judges
a packet to be transmitted. The priority comparison unit 45 compares
priorities of packets with each other, and fixes upon a weighted packet
having high priority as the packet to be transmitted. On the other hand,
the priority comparison unit 45 fixes upon weighted packets having low
priority as the packets to be untransmitted this time.

The priority comparison unit 45 provides the transmission
decision unit 46 with packet identification data of the packet
determined to be transmitted, and notifies the transmission decision
unit 46 of the packet determined to be transmitted. On the other hand,
the priority comparison unit 45 provides the signal processing unit
41 with packet identification data of the packets determined to be left
over in transmission, conducts the priority calculation and its

weighting again, and notifies the signal processing unit 41 of a packet
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to be left over in transmission. The packets determined to be
untransmitted this time enter a queue. Therefore, the time control unit
42 continues the measurement of the transmission waiting time on the
packets a notice of leaving over transmission of which has been given
to the time control unit 42 by the priority comparison unit 45. As a
result, the transmission waiting time of the packets are gradually
updated.

The transmission decision unit 46 determines whether
transmission of the packet determined to be transmitted by the priority
comparison unit 45 is possible, based on the reception state of the
mobile station 3 that is the transmission destination of the packet.
If the reception state of the mobile station 3 of the transmission
destination is good, then the transmission decision unit 46 judges
transmission of the packet to be possible. And the transmission
decision unit 46 assigns a channel for transmitting the packet to the
packet. The transmission decision unit 46 notifies‘ the radio unit 8
of a result of the channel assignment. The radio unit 8 transmits the
packet to the mobile station 3 according to the channel assignment
notified of by the transmission decision unit 46.

The channel assignment differs according to the access scheme.
The transmission decision unit 46 assigns a time slot in the TDMA (Time
Division Multiple Access), a spreading code in the CDMA (Code Division
Multiple Access), and a frequency in the FDMA (Frequency Division
Multiple Access), as the channel.

The transmission decision unit 46 determines whether each packet
can be transmitted, and assigns a channel to each packet. Furthermore,
it is preferable that the transmission decision unit 46 determines fast
whether transmission of a packet is possible, immediately before actual
transmission of the packet to a mobile station 3, and conducts channel
assignment from instant to instant. On the other hand, if the reception
state of the mobile station 3 of transmission destination is not good,
then the transmission decision unit 46 judges the transmission to be

impossible. And the transmission decision unit 46 provides the signal
48



10~~! " 9*#10%~& () - ! " 9*#10% " & ()- 9*#10% & ()- =ABCCCCFPJ{\:!'H !'! "#10% o'
0& ()-3#10% o0& ()-3 105 105

105 s#109%6& ()-3!9 s#10%5& ()-3!4 s#10%5&' () -3PJ} MMWMVONRrP: TH I'!1 " #10% o!
AT #109HHE () - 3#10%4& () -3 10'" 10

10" " #10% ' & () -3!'! "#10% o' o0& () - BRU WIV2VWBWIWZ} oP: ' H 11 ™ #10% o#10%4&' () - 3
10 10 10!  #109%& ()-3!4 #10%H& () - 3! + #10%1H& () - 3ZU] _6a9a: a;

a<awi [ M Prpees smegndt1pl with packet identification data of the packet judged

10! " #10%0 (de infpoEEA Yl ) t BdnsmildHions: éhd&idtﬂfh@%‘"tﬁe(QI&@C%Q@I'GEBJSHQ'*
10--1 110008 (' 5,/ 100RRE &) &' A0 RS Bl Lo b 00 Dhabz. £ LG (11 4106

its weighting, and assigned a channel again.

Furthermore, the transmission decision unit 46 notifies the time
control unit 42 of a result of the transmission decision. The
transmission decision unit 46 notifies the time control unit 42 of a
decision result as to transmission is possible, so as to be assocliated
with packet identification data of the packet. The packets judged to
be impossible in transmission enter a queue. Therefore, the time
control unit 42 continues the measurement of transmission walting time
on the packets the transmission decision unit 46 has notified that
transmission of which is impossible. As a result, the transmission
waiting time of the packets are gradually updated. On the other hand,
as for the packet judged to be possible in transmission, it is not
necessary to update the transmission waiting time, and consequently
the time control unit 42 finishes the measurement of the transmission
waiting time.

Furthermore, the transmission decision unit 46 leaves off the
transmission of packets judged to be impossible iﬁ transmission.
Therefore, the transmission decision unit 46 acguires packet
identification data of another packet determined to be transmitted by
the priority comparison unit 45, and determines whether the packet can
be transmitted. If the transmission decision unit 46 has judged the
packet to be possible in transmission, then the transmission decision
unit 46 assigns a channel to the packet. In this way, the priority
comparison unit 45 and the transmission decision unit 46 implement a
channel control unit that assigns a channel for transmission of the
packet to a mobile station 3, to the packet based on the priority of
the packet weighted by the weight processing unit 44 and the receptilon
state of the mobile station 3.

To be concrete, the transmission decision unit 46 judges the
reception state of the mobile station 3 based on the situation of the
transmission path formed between the mobile station 3 and the base
station 2. For example, the transmission decision unit 46 obtains an
estimate value of a success probability, which indicates a possibility
that the transmission of the packet will succeed in the transmission
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46 can determine whether the transmission is possible, based on the
estimate value of the success probability.

Fig. 10 is a block diagram showing a configuration of the
transmission decision unit 46. The transmission decision unit 46
includes a success probability calculation unit 46a, a transmission
actual result storage unit 46b, a success probability estimation unit
46c, and a success probability comparison unit 46d. The success
probability calculation unit 46a calculates the probability that the
transmission of the packet has succeeded in the transmission path
situation at the time when the packet is transmitted, i.e., an actual
result value of the success probability in the transmission path
situation. The success probability calculation unit 46a acquires
transmission path information concerning the transmission path
situation at the time when the packet is transmitted and ACK/NACK
information of the packet from the signal processing unit 41. The
success probability calculation unit 46a acquires, for example, SIR
as the transmission path information. And the success probability
calculation unit 46a calculates an actual result value in each SIR based
on the ACK/NACK information. '

The transmission actual result storage unit 46b stores the
transmission path situation at the time when the packet has been
transmitted and the actual result value of the success probability so
as to associate them with each other. The success probability
calculation unit 46a stores the calculated actual result value of the
success probability in the transmission actual result storage unit 46b
so as to be associated with the transmission path situation. The
transmission actual result storage unit 46b stores, for example, the
SIR and the actual result value of the success probability in the SIR
so as to associate them with each other.

The success probability estimation unit 46c¢ acquires the actual
result value of the success probability from the transmission actual
result storage unit 46b and obtains the estimate value of the success
probability. To be concrete, the success probability estimation unit
46c acquires the transmission path information from the signal
processing unit 41 when making a transmission decision. The success

probability estimation unit 46c acquires the actual result value of
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the success probability corresponding to the transmission path
situation based on the acquired transmission path situation. The
success probability estimation unit 46c obtains an estimate value of
a success probability indicating a possibility that the transmission
will succeed in the current transmission path situation, based on the
acquired actual result value of the success probability. The success
probability estimation unit 46c provides the success probability
comparison unit 464 with the estimate value of the success probability.

The success probability comparison unit 464 compares the estimate
value of the success probability with a preset reference valﬁe of the
success probability, and determines whether transmission is possible.
If the estimate value of the success probability is less than the
reference value of the success probability, then the success
probability comparison unit 46d judges the transmission to be
impossible. If the estimate value of the success probability is at
least the reference value of the success probability, then the success
probability comparison unit 464 judges the transmission to be possible.
If the transmission is judged to be impossible, then the success
probability comparison unit 46d notifies the signal processing unit
41 of packet identification data of the packet. If the transmission
is judged to be possible, then the success probabilify‘comparison unit
46d assigns a channel to the packet, and notifies the radio unit 8 of
the channel.

As the reference value of the success probability becomes higher,
it is possible to suppress transmission having a possibility of failure
and prevent a waste of radio resources. If the reference value of the
success probability is too high, however, packets judged to be
impossible in transmission increase, and the number of times of
processing of the priority calculation and comparison and the
transmission decision conducted by the control device 4 increases,
resulting in a lowered processing efficlency of resource assignment.
Therefore, it is preferable to set the reference value of the success
probability by considering the waste prevention of radio resources and
the processing efficiency of the channel assignment. The success
probability comparison unit 464 holds the preset reference value of
the success probability.

(Communication Method)
A communication method executed by using the communication system
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1 will now be described. As shown in Fig. 11, first, a packet from a
terminal device arrives at the base station 2 via the network 10, and
the network interface unit 5 acquires the packet (S101). The network
interface unit 5 temporarily stores the acquired packet in the
transmission buffer 6. The baseband processing unit 7 takes out the
packet from the transmission buffer 6, and provides the signal
processing unit 41 with the control information part of the packet.
The signal processing unit 41 acquires QoS information and packet
identification data from the control information part of the packet
(S102). A mobile station 3 conducts detection to determine whether
there is an error in the received packet (S103). The mobile station
3 transmits a result of the detection to the base station 2 on an up
control channel as a control signal containing ACK/NACK information
to effect feedback (S104).

The radio unit 8 receives the control signal from the mobile
station 3, and the signal processing unit 41 acquires the control signal
from the baseband pfocessing unit 7, and acguires the ACK/NACK
information (S105). The retransmission packet priority calculation
unit 431 determines whether the packet, QoS information of which has
been acquired by the signal processing unit 41 at the step (5102), is
a retransmission packet or a new packet, based onithe packet
identification data and the ACK/NACK informatlion (S106). The mobile
station 3 estimates the transmission path situation (S107). The mobile
station 3 transmits the estimated transmission path situation to the
base station 2 on an up control channel as a control signal containing
transmission path information to effect feedback (S108). The radio
unit 8 receives the control signal from the mobile station 3, and the
signal processing unit 41 acquires the control signal from the baseband
processing unit 7 and acgquires the transmission path information
(S109).

The priority calculation unit 43 calculates the synthetic
priority of the packet based on the QoS information, the
new/retransmission packet information, and the transmission path
information (S110). The welght processing unit 44 conducts weighting
on the synthetic priority calculated by the priority calculation unit
43 (S111). The priority comparison unit 45 compares weighted priority
of a certain packet with weighted priorities of other packets, and

determines whether the packet should be transmitted (S112). If the
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packets at the step (S112), then the priority comparison unit 45 judges
that the packet should be transmitted. And the transmission decision
unit 46 determines whether transmission is possible, based on the
reception state of the mobile station 3 that is the transmission
destination of the packet (S113). If the transmission is judged to be
possible at the step (S113), then the transmission decision unit 46
assigns a channel to the packet, and the radio unit 8 transmits the
packet to the mobile station 3 (S114).

On the other hand, if the weighted priority of the packet is lower
than priorities of other packets at the step (S112), then the priority
comparison unit 45 judges that the transmission of the packet should
be left over. And the packet enters a queue. The priority comparison
unit 45 notifies the time control unit 42 that the transmission of the
packet is left over. And the time control unit 42 continues measurement
of the transmission waiting time of the packet, and updates the
transmission waiting time (S115). The priority comparison unit 45
notifies the signal processing unit 41 that the transmission of the
packet is left over. The packet judged to be left over in transmission
is subject to the priority calculation, priority weighting, comparison
of weighted priorities, and transmission decision égain. In the
priority calculation and weighting, the transmission waiting time is
also considered.

If the transmission of the packet is judged to be impossible at
the step (S113), then the packet enters a queue. The transmission
decision unit 46 notifies the time control unit 42 of the decision result
indicating that the transmission is impossible. And the time control
unit 42 continues the measurement of the transmission waiting time,
and updates the transmission waiting time (S115). The transmission
decision unit 46 notifies the signal processing unit 41 of the decision
result indicating that the transmission is impossible. The packet
judged to be impossible in transmission is subject to the priority
calculation, priority weighting, comparison of weighted priorities,
and transmission decision again. In the priority calculation and
weighting, the transmission waiting time is also considered.

According to the communication system 1, the base station 2, the
control device 4 and the communication method, the network interface

unit 5 acquires a packet transmitted from a terminal device to a certain
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10uusl J<a].'é1quired by the network interface unit 5 to the mobile station 3. The
weight processing unit 44 conducts weighting on the calculated priority.
The priority comparison unit 45 compares welghted priorities with each
other, and determines a packet to be transmitted. The transmission
decision unit 46 determines whether the packet can be transmitted based
on the reception state of the mobile station 3 that is the transmission
destination, and assigns a channel to the packet judged to be possible
in transmission. And the radiounit 8 transmits the packet to the mobile
station 3 on the assigned channel.

Therefore, the weight processing unit 44 conducts weighting on
the priority calculated once by the priority calculation unit 43, and
the priority comparison unit 45 determines a packet to be transmitted,
based on the weighted priority. And the transmission decision unit 46
can determine whether the packet determined to be transmitted can be
transmitted and conduct channel assignment. Without being necessarily
restricted by priority calculated once, therefore, the base station
2 and the control device 4 can assign a channel as occasion may demand
according to the situation obtained when transmitting a packet.

Furthermore, the priority calculation unit 45 calculates the
synthetic priority by using a plurality of kinds of information as
priority. The priority calculationunit 43 includes the retransmission
packet priority calculation unit 431, the transmission path situation
priority calculation unit 432, the QoS priority calculation unit 433,
the transmission waiting time priority calculation unit 434, and the
priority unification unit 435. The priority unification unit 435
unifies a plurality of individual priorities calculated by these
individual priority calculation units, i.e., the retransmission packet
priority, the transmission path situation priority, the QoS priority,
and the transmission waiting time priority, and determines the
synthetic priority.

As a result, the priority calculation unit 43 can calculate
priority with due regard to a plurality of kinds of information, and
the priority comparison unit 45 can determine a packet to be transmitted,
based on priority calculated considering a plurality of kinds of
information. And the transmission decision unit 46 can determine

whether the packet determined to be transmitted by the priority
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comparison unit 45 can be transmitted and assign a channel. By using
a combination of kinds of information in use, therefore, it is possible
to simultaneously implement highly efficient packet transmission,
reception guality improvement, maintenance of opportunity fairness in
communication among the mobile stations 3, and coping with the service
quality, such as the delay time, requested in transmission of data
contained in the packet.

Furthermore, the transmission decision unit 46 determines

whether transmission of the packet is possible, based on the reception
state of the mobile station 3, and conducts channel assignment. As a
result, the control device 4 can conduct channel assignment while
considering the reception state of the mobile station 3. When the
reception state of the mobile station 3 that is the transmission
destination is good, therefore, the transmission decision unit 46 can
assign a channel to a packet directed to the mobile station 3 and give
an opportunity of transmission of the packet, to the radio station 8.
Therefore, the base station 2 can prevent from assigning a channel
uselessly to a packet for the reason that the packet has high priority
and wasting radio resources. In other words, even if a packet has high
priority., the base station 2 can prevent from assigning an opportunity
of transmission of the packet to the radio unit 8 when the possibility
that the transmission of the packet will fail is high, and from wasting

the radio resources.

[Second Embodiment]
(Communication System)

A second embodiment of the present invention will now be described
with reference to the drawings. A communication system according to
the second embodiment includes a base station 202 shown in Fig. 12 and
a plurality of mobile stations 3. The base station 202 includes a
control device 204, a network interface unit 205, a transmission buffer
206, a baseband processing unit 207, a radio unit 208, and an antenna
209. The control device 204 includes a signal processing unit 241, a
time control unit 242, a priority calculation unit 243, a weight
processing unit 244, and a priority comparison unit 245. The time
control unit 242 includes a timer 242a and a clock 242b. The network
interface unit 205, the transmission buffer 206, the baseband

processing unit 207, the radio unit 208, the antenna 209, the signal
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signal processing unit 41, and the time control unit 42 shown in Fig.
2, respectively.

The priority calculation unit 243 includes a retransmission
packet priority calculation unit 2431, a transmission path situation
priority calculation unit 2432, a QoS priority calculation unit 2433,
a transmission waiting time priority calculation unit 2434, a
predetermined transmission rate priority calculation unit 2435, and
a priority unification unit 2436. The retransmission packet priority
calculation unit 2431, the transmission path situation priority
calculation unit 2432, the QoS priority calculation unit 2433, and the
transmission waiting time priority calculation unit 2434 are
substantially the same as the retransmission packet priority
calculation unit 431, the transmission path situation priority
calculation unit 432, the QoS priority calculation unit 433, and the
transmission waiting time priority calculation unit 434 shown in Fig.
2, respectively.

The predetermined transmission rate priority calculation unit
2435 calculateé priority based on a predetermined transmission rate
determined as a transmission rate of packet transmission from the radio
unit 8 to the mobile station 3. The priority calculated based on the
predetermined transmission rate is hereafter referred to as
"predetermined transmission rate priority”. The predetermined
transmission rate refers to a transmission rate determined for some
purpose. As the predetermined transmission rate, there are, for
example, the QoS-assured transmission rate and system-assured
transmission rate. As the predetermined transmission rate, either the
QoS-assured transmission rate or the system-assured transmission rate
may be used. As the predetermined transmission rate, both the
QoS-assured transmission rate and the system-assured transmission rate
may also be used, or the sum or an average of the QoS-assured transmission
rate and the system-assured transmission rate may also be used. The
predetermined transmission rate priority is one of the individual
priorities.

The predetermined transmission rate priority calculation unit

2435 may calculate the predetermined transmission rate priority by
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priority for each of users based on the predetermined transmission rate
of a packet to be transmitted to each user. Fig. 13A shows a
predetermined transmission rate priority calculation unit 2435a in the
case where the predetermined transmission rate priority is calculated
by comparing predetermined transmission rates of packets to be
transmitted to respective users. Fig. 13B shows a predetermined
transmission rate priority calculation unit 2435b in the case where
the predetermined transmission rate priority is calculated uniquely
for each user based on the predetermined transmission rate of a packet
to be transmitted to each user.

As shown in Figs. 13A and 13B, each of the predetermined
transmission rate priority calculation units 2435a and 2435b acquires
predetermined transmission rate information concerning predetermined
transmission rates of packets directed to the users #1 to #k of the
mobile stations 3 (60la, 601b). In the case where the QoS-assured
transmission rate is used as the predetermined transmission rate, both
the QoS-assured transmission rate and the system-assured transmission
rate are used as the predetermined transmission rate, or an average
or the sum of the QoS-assured transmission rate and the system-assured
transmission rate is used as the predetermined transmission rate, each
of the predetermined transmission rate priority calculation units 2435a
and 2435b acquires QoS information of a packet from the signal processing
unit 241, and acquires information concerning the QoS-assured
transmission rate. In the case where the system-assured transmission
rate is used as the predetermined transmission rate, both the
system-assured transmission rate and the QoS-~assured transmission rate
are used as the predetermined transmission rate, or an average or the
sum of the system-assured transmission rate and the QoS-assured
transmission rate is used as the predetermined transmission rate, each
of the predetermined transmission rate priority calculation units 2435a
and 2435b holds transmission destination user identification data and
system-assured transmission rate the user is assured of, so as tol be
associated with each other. And each of the predetermined transmission
rate priority calculation units 2435a and 2435b acquires the
transmission destination user identification data from the signal
processing unit 241, and acquires information concerning the
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If the QoS-assured transmission rate or the system-assured
transmission rate is used as it is as the predetermined transmission
rate, each of the predetermined transmission rate priority calculation
units 2435a and 2435b uses the QoS-assured transmission rate or the
system-assured transmission rate as it is. If the sum or average of
the QoS-assured transmission rate and the system-assured transmission
rate is used, then each of the predetermined transmission rate priority
calculation units 2435a and 2435b obtains the sum or average of the
QoS-assured transmission rate and the system-assured transmission rate
by using the acquired QoS-assured transmission rate and system-assured
transmission rate, and thus obtains the predetermined transmission rate
information.

Each of the predetermined transmission rate priority calculation
units 2435a and 2435b conducts weighting on acquired predetermined
transmission rate information of the users #1 to #k (602a, 602b). Each
of the predetermined transmission rate priority calculation units 2435a
and 2435b conducts weighting on the predetermined transmission rate
information. Each of the predetermined transmission rate priority
calculation units 2435a and 2435b can set a weight'according to the
predetermined transmission rate. For example, each of the
predetermined transmission rate prilority calculation units 2435a and
2435b can set a weight so as to make the predetermined transmission
rate information large and provide high priority for a user who is large
in predetermined transmission rate.

As for the weighting, the predetermined transmission rate
information may be made large by adding a weight having a positive value
or multiplying a weight having a value greater than unity. On the
contrary. the predetermined transmission rate information may be made
small by adding a weight having a negative value or multiplying a weight
having a value less than unity. Furthermore, in the case where a
plurality of kinds of predetermined transmission rate information are
used, each of the predetermined transmission rate priority calculation
units 2435a and 2435b may provide respective kinds of QoS information
with different weights. For example, each of the predetermined
transmission rate priority calculation units 2435a and 2435b may

conduct weighting by setting weights so as to make predetermined
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transmission rate information desired to be thought much of larger when
calculating the priority. Each of the predetermined transmission rate
priority calculation units 2435a and 2435b may not conduct weighting
on the predetermined transmission rate information.

As shown in Fig. 13A, the predetermined transmission rate priority
calculation unit 2435a then compares the predetermined transmission
rate information of the users #1 to #k, and calculates predetermined
transmission rate priorities of packets to be transmitted to the users
#1 to #k (603a). For example, the predetermined transmission rate
priority calculation unit 2435a provides users with order in order of
decreasing predetermined transmission rate based on predetermined
transmission rates of the users #1 to #k. And the predetermined
transmission rate priority calculation unit 2435a calculates the
predetermined transmission rate priorities of the users #1 to #k so
as to make the predetermined transmission rate priority of a user early
in order high and make the predetermined transmission rate priority
of a user late in order low.

On the other hand, as shown in Fig. 13B, the predetermined
transmission rate priority calculation unit 2435b uniquely calculates
predetermined transmission rate priorities respectively of packets to
be transmitted to the users #1 to #k based on the bredetermined
transmission rate information of the users #1 to #k (603b). For example,
the predetermined transmission rate priority calculation unit 2435b
previously sets a plurality of numerical wvalue.ranges of the
predetermined transmission rate and predetermined transmission rate
priorities in the case where the predetermined transmission rate is
in the ranges. And the predetermined transmission rate priority
calculation unit 2435b judges in which numerical value range the
predetermined transmission rate of each of the users #1 to #k exists,
and calculates a value set as predetermined transmission rate priority
in the case where the predetermined transmission rate is in that
numerical value range, as the predetermined transmission rate priority
of the user.

For example, 1f the predetermined transmission rate of the user
#i is in the numerical value range between a predetermined transmission
rate (n) and a predetermined transmission rate (n+l) (where n is a
natural number, and it represents an order of a numerical value that

defines a numerical value range). In other words, if the relation
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predeterminedtransmissionrate(n)'§ predetermined transmission rate
of user #i < predetermined transmission rate (n+l) is satisfied, then
a value D previously set as predetermined transmission rate priority
for the case where the predetermined transmission rate is in that
numerical value range is selected as predetermined transmission rate
priority. 1In this case, the predetermined transmission rate priority
is set equal to D irrespective of predetermined transmission rates of
other users.

Finally, each of the predetermined transmission rate priority
calculation units 2435a and 2435b provides the priority unification
unit 2436 with the calculated predetermined transmission rate
priorities respectively of the users #1 to #k (604a, 604b). 1In the case
where channel assignment is conducted by using only the predetermined
transmission rate priority as the priority, each of the predetermined
transmission rate priority calculation units 2435a and 2435b provides
directly the weight processing unit 244 with the calculated
transmission rate priorities of the users #1 to #k.

According to the predetermined transmission rate priority
calculation units 2435a and 2435b, the control device 4 can conduct
channel assignment based on the priority calculated considering the
predetermined transmission rates. If the QoS—assufed transmission
rate or the system-assured transmission rate, both the QoS-assured
transmission rate and the system-assured transmission rate, or the sum
or average of the QoS-assured transmission rate and the system-assured
transmission rate 1s used as the predetermined transmission rate,
therefore, the base station 202 can malntain the QoS-assured
transmission rate and the system-assured transmission rate, cope with
a request of QoS, and assures the user of the system-assured transmission
rate.

The priority unification unit 2436 uses the retransmission packet
priority, the transmission path situation priority, the QoS priority,
the transmissijion waiting time priority, and the predetermined
transmission rate priority as individual priorities, and determines
the synthetic priority by unifying the priorities. The priority
unification unit 2436 acquires the predetermined transmission rate
priority as an individual priority from the predetermined transmission
rate priority calculation unit 2435 as well, and calculates the

synthetic priority according to the following equation (3). Except
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the description will be omitted. In the equation (3), "u" represents
the predetermined transmission rate priority, and "e" represents a
coefficient for the predetermined transmission rate priority (where
"e" is a positive real number)

av+bx+cy+dz+eu (3)

If the priority unification unit 2436, for example, sets the
coefficient "e" for the predetermined transmission rate priority as
a fixed value greater than other coefficients "a" to "d", or make the
coefficient "e" change so as to become greater than other coefficients
"a" to "d", then the control device 204 can conduct channel assignment
while thinking much of the predetermined transmission rate and giving
priority to the predetermined transmission rate.

The weight processing unit 244 conducts weighting on the priority
based on the reception state of the mobile station 3. The weight
processing unit 244 judges the reception state of the moblle station
3 based on the situation of the transmission path formed between the
mobile station 3 and the base station 202. For example, the weight
processing unit 244 obtains an estimate value of success probability,
which indicates the possibility that the transmission of the packet
will succeed in the transmission path situation, as the reception state
of the mobile station 3 based on the transmission path situation. And
the weight processing unit 244 can calculate a,weight based on the
estimate value of success probability and conduct weighting processing.

Fig. 14A shows a configuration of a weight processing unit 2441
for conducting weighting on the priority based on the reception state
of the mobile station 3. The weight processing unit 2441 includes a
success probability calculation unit 2441a, a transmission actual
result storage unit 2441b, a success probability estimation unit 2441c,
a weight calculation unit 24414, and a weighting processing unit 2441le.
The success probability calculationunit 2441a, the transmission actual
result storage unit 2441b, and the success probability estimation unit
2441c are substantially the same as the success probability calculation
unit 46a, the transmission actual result storage unit 46b, and the
success probability estimation unit 46c shown in Fig. 10, respectively.
However, the success probability estimation unit 2441c acquires the

actual result value of success probability from the transmission actual
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the weight calculation unit 24414 with the estimate value of success
probability.

The weight calculation unit 24414 calculates a weight based on
the reception rate of the mobile station 3 (hereafter referred to as
"reception state weight”). The weight calculation unit 2441d provides
the weighting processing unit 2441e with the calculated reception state
weight. The weight calculation unit 2441d calculates the reception
state weight based on the estimate value of success probability acquire
from the success probability estimation unit 2441c.

For example, the weight calculation unit 24414 compares reception
states of the mobile stations 3 of a plurality of users with each other,
and calculates reception state weights for weighting the priorities
of packets to be transmitted to the users. In this case, the weight
calculation unit 24414 provides the users with order in order of
decreasing estimate value of success probability as the reception
states of the mobile stations of users. And the weight calculation unit
2441d calculates the reception state weights so as to make a reception
state weight for the priority of a packet directed to a user early in
order high and make a reception state weight for the pr'iority of a packet
directed to a user late in order low.

The weight calculation unit 24414 may uniquely calculate
reception state weights to be used for weighting the priorities of
packets to be transmitted to users, based on the reception states of
the mobile stations 3 of the users. In this case, the weight calculation
unit 24414 previously sets a plurality of numerical value ranges of
success probability and reception state weights in the case where the
estimate value of success probability is in the ranges. It is
preferable that the weight calculation unit 24414 sets weights so that
a reception state weight will heighten the priority as the estimate
value of success probability corresponds to a range of greater numerical
values. It is preferable that the weight calculation unit 24414 sets
weights so that a reception state weight will lower the priority as
the estimate value of success probability corresponds to a range of
smaller numerical values.

For example, in the case where the reception state weight is added

to the priority, it is preferable that a reception state weight
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corresponding to a numerical value range in which the estimate value
of success probability is small is set equal to a negative value. 1In
the case where priority is muitiplied by the reception state weight,
it is preferable that a reception state weight corresponding to a
numerical value range in which the estimate value of success probability
is small is set equal to a value less than unity. As a result, it is
possible to lower the priority of a packet directed to a mobile station
3 that is extremely small in estimate value of success probability and
poor in reception state, and prevent the packet from being transmitted.
And the weight calculation unit 2441d determines in which numerical
range the estimate value of success probability for the mobile station
3 of each user exists, and calculates a value preset as a reception
state weight for the case where the estimate value of success probability
exists in that numerical value range, as the reception state welght
for the priority of the packet to be transmitted to the mobile station
3.

The weighting processing unit 244le conducts weighting
processing by performing addition or multiplication between the
reception state weight provided from the weight calculation unit 2441d
and the priority. 1In the case where it is desired to make priority of
a packet directed to a certain user higher than pridrities of packets
directed to other users, the welghting processing unit 2441e can conduct
weighting processing by adding a reception state weight having a
positive value to the priority of the packet directed to the user desired
to be made higher in priority, multiplying the priority of the packet
directed to the user desired to be made higher in priority by a reception
state weight having a value greater than unity, adding a reception state
weight having a negative value to the priorities of packets of other
users, or multiplying the priorities of packets of other users by a
reception state weight having a value less than unity. The weighting
processing unit 244le provides the priority comparison unit 245 with
the weighted priorities.

According to the weight processing unit 2441, it is possible to
conduct weighting on the priority according to the actual reception
state of the mobile station 3 and change the priority, and the control
device 204 can conduct channel assignment with due regard to the actual
reception state of the mobile station 3. Especially, in the case where

the actual reception state of a certain mobile station 3 is poor, the
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packet low. In the case where the actual reception state of a certain
mobile station 3 is good, the weight processing unit 2441 can conduct
weighting so as to make the priority of a packet to be transmitted to
that mobile station 3 higher than priorities of other packets, and thus
heighten the priority of the packet.

As a result, the control device 204 can assign a channel to a
packet to be transmitted to a mobile station that is good in reception
state. When the reception state of the mobile station 3 of the
transmission destination is good, therefore, the base station 2 can
assign a channel to a packet directed to that mobile station 3 and give
an opportunity of transmission of the packet to the radio station 208.
Therefore, the base station 2 can prevent from assigning a channel
uselessly to a packet for the reason that priority of the packet once
obtained is high and wasting radio resources. 1In other words, when the
possibility that the transmission of a packet will fail is high even
if the priority of the packet obtained once by the priority calculation
unit 243 is high, the base station 2 lowers the prlority of the packet
by weighting the priority of the packet with the recebtion state weight
or heighten priorities of other packets by weighting priorities of
packets directed to other mobile stations 3 that are good in reception
state with reception state weights. Thus the base station 2 can prevent
from assigning an opportunity of transmission of a packet to a mobile
station that is not good in reception state, to the radio unit 8, and
from wasting the radio resources.

And the base station 202 assigns a channel to a packet directed
to a mobile station 3 that i1s good in reception state and high in
probability of success of transmission even though the priority
obtained once by the priority calculation unit 243 is somewhat low,
instead of the packet directed to the mobile station 3 that is not good
in reception state. Thus it is possible to prevent resources from being
wasted.

Fig. 14B shows a weight processing unit 2442 for conducting
weighting on priority by synthetically considering the reception state,
the transmission rate, the transmission waiting time, and the delay

time. The weight processing unit 2442 calculates a synthetic weight
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by using, in addition to the reception state of the mobile station 3,
a plurality of other kinds of information, and conducts weighting. The
welght processing unit 2442 includes a success probability calculation
unit 2442a, a transmission actual result storage unit 2442b, a success
probability estimation unit 2442c, a transmission rate comparison unit
24424, a transmission waiting time comparison unit 2442f, a delay time
comparison unit 2442h, timers 2442e, 2442g and 2442i, a weight
calculation unit 2442j, and a weighting processing unit 2442p. The
weight calculation unit 2442j includes a reception state weight
calculation unit 2442k, a transmission rate weight calculation unit
24421, a transmission waiting time weight calculation unit 2442m, a
delay time weight calculation unit 2442n, and a weight unification unit
24420,

The success probability calculation unit 2442a, the transmission
actual result storage unit 2442b, the success probability estimation
unit 2442c, the transmission rate comparison unit 24424, the
transmission waiting time comparison unit 2442f, the delay time
comparison unit 2442h, the timers 2442e, 24429 and 24423, the weighting
processing unit 2442p, the reception state weight calculation unit
2442k, the transmission rate weight calculation unit 24421, the
transmission waiting time weight calculation unit 2442m, the delay time
weight calculation unit 2442n, and the weight unification unit 24420
are substantially the same as the success probability calculation unit
2441la, the transmission actual result storage unit 2441b, and the
success probability estimation unit 2441c shown in Fig. 14A, and the
transmission rate comparison unit 444a, the transmission waiting time
comparison unit 444c, the delay time comparison unit 444e, the timers
444b, 4444 and 444f, the welghting processing unit 4441, the weight
calculation unit 24414, the transmission rate weight calculation unit
444h, the transmission waiting time weight calculation unit 444i, the
delay time weight calculation unit 444j, and the weight unification
unit 444k shown in Fig. 7D, respectively.

The reception state weight calculation unit 2442k provides the
weight unification unit 24420 with the calculated reception state
weight. In the weight calculation unit 2442j, the reception state
weight calculation unit 2442k is an individual weight calculation unit.
In the present embodiment, the weight unification unit 24420 unifies

the reception state weight, the transmission rate weight, the
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processing unit 2442 can calculate a weight with due regard to a
plurality of kinds of information, and change the priority while
considering the plurality of kinds of information. As a result, the
base station 202 can implement simultaneously prevention of radio
resource waste, maintenance of the assured transmission rate,
maintenance of the assured transmission waiting time, and response to
a request of the permissible delay time. Especially, while maintalning
the assured transmission rate, the assured transmission waiting time,
and the permissible delay time, the base station 202 can assign a channel
to a packet directed to a mobile station 3 and give an opportunity of
transmission of the packet to the mobile station 3, to the radio station
8 when the reception state of the mobile station 3 is comparatively
good. Waste of radio resources can thus be prevented.

The priority comparison unit 245 compares priorities of packets
weighted by the weight processing unit 244 with each other, and judges
a packet to be transmitted. The priority comparison unit 245 fixes upon
a weighted packet having high priority as the packet to be transmitted.
On the other hand, the priority comparison unit 245 f'ixes upon weighted
packets having low priority as the packets to be untransmitted this
time, and determines to leave over the transmission of the packets.

The priority comparison unit 245 assigns a channel for
transmitting a packet to the packet determined to be transmitted. The
priority comparison unit 245 notifies the radio unit 208 of a result
of the channel assignment. The radio unit 208 transmits the packet to
the mobile station 3 according to the channel assignment notified of
by the priority comparison unit 245. The priority comparison unit 245
compares priorities every packet, and conducts channel assignment every
packet. It is preferable that immediately before actually transmitting
a packet to the mobile station 3 the priority comparison unit 245
conducts fast comparison on the priority of the packet, determines a
packet to be transmitted, and conducts channel assignment from instant
to instant.

On the other hand, the priority comparison unit 245 provides the
signal processing unit 241 with packet identification data of a packet

determined to be left over in transmission, conducts priority
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unit 241 of a packet to be assigned a channel. Furthermore, the priority
comparison unit 245 notifies the time control unit 242 of the result
of priority comparison. The priority comparison unit 245 notifies the
time control unit 242 of a decision result as to whether transmission
should be executed or left over, in association with packet
identification data of the packet. The packet determined to be left
over in transmission enters a queue. Therefore, the time contrel unit
242 continues the measurement of the transmission waiting time on the
packet a notice of leaving over transmission of which has been given
to the time control unit 242 by the priority comparison unit 245. As
a result, the transmission walting time of the packet is gradually
updated. On the other hand, as for the packet judged to be transmitted,
it is not necessary to update the transmission waiting time, and
consequently the time control unit 242 finishes the measurement of the
transmission waiting time.

In this way, the priority comparison unit 245 implements a channel
control unit that assigns a channel for transmission to the mobile
station 3, to a packet, based on priority of the packet weighted by
the weight processing unit 244. 1In the control device 204, the
reception state of the mobile station 3 is considered by the weight
processing unit 244. The priority comparison unit 245 can conduct
channel assignment by comparing priorities weighted considering the
reception state. In the control device 204, therefore, processing of
channel assignment can be simplified as compared with the control device
shown in Fig. 2.

(Communication Method)

A communication method executed by using the communication system
including the base station 202 will now be described. As shown in Fig.
15, first, a packet from a terminal device arrives at the base station
202 via the network 10, and the network interface unit 205 acgquires
the packet (S201). The network interface unit 205 temporarily stores
the acquired packet in the transmission buffer 206. The baseband
processing unit 207 takes out the packet from the transmission buffer
206, and provides the signal processing unit 241 with the control
information part of the packet.

The signal processing unit 241 acquires QoS information and

transmission destination user identification data from the control
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10% & ()4 \é¥t%5tlon based on the transmission destination user identification
data. Furthermore, the predetermined transmission rate priority
calculation unit 2435 acquires QoS-assured transmission rate from the
QoS information. In this way, the predetermined transmission rate
priority calculation unit 2435 acquires predetermined transmission
rate information (S202).

A mobile station 3 conducts detection to determine whether there
is an error in the received packet (S203). The mobile station 3
transmits a result of the detection to the base station 202 on an up
control channel as a control signal containing ACK/NACK information
to effect feedback (S204). The radio unit 208 receives the control
signal from the mobile station 3, and the signal processing unit 241
acquires the control signal from the baseband processing unit 207, and
acguires the ACK/NACK information (S205). The retransmission packet
priority calculation unit 2431 determines whether the packet, QoS
information of which has been acquired by the signai processing unit
241 at the step 5202, is a retransmission packet or a new packet, based
on the packet identification data and the ACK/NACK information (S206).

The mobile station 3 estimates the transmission path situation
(S207). The mobile station 3 transmits the estimated transmission path
situation to the base station 202 on an up control channel as a control
signal containing transmission path information to effect feedback
(S208). The radio unit 208 receives the control signal from the mobile
station 3, and the signal processingunit 241 acquires the control signal
from the baseband processing unit 207 and acquires the transmission
path information (S209).

The priority calculation unit 243 calculates the synthetic
priority of the packet based on the QoS information, the
new/retransmission packet information, the transmission path
information, and the predetermined transmission rate information
(S210). The weight processing unit 244 conducts welghting on the
synthetic priority calculated by the priority calculation unit 243
(S211). The priority comparison unit 245 compares weighted priority
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the packet to the mobile station 3 (S213).

On the other hand, if the weighted priority of the packet is lower
than priorities of other packets at the step (S212), then the priority
comparison unit 245 judges that the transmission of the packet should
be left over. And the packet enters a queue. The priority comparison
unit 245 notifies the time control unit 242 that the transmission of
the packet is left over. And the time control unit 242 continues
measurement of the transmission waiting time of the packet, and updates
the transmission waiting time (S214). The priority comparison unit 245
notifies the signal processing unit 241 that the transmission of the
packet is left over. The packet judged to be left over in transmission
is subject to the priority calculation, priority weighting, and
comparison of weighted priorities again. 1In the priority calculation
and weighting, the transmission walting time is also considered.

According to the communication system, the basé station 202, the
control device 204 and the communication method, the weight processing
unit 244 conducts weighting on the priority calculated once by the
priority calculation unit 243 based on the reception state of the mobile
station 3. The priority comparison unit 245 can determine a packet to
be transmitted based on the weighted priority, and conduct channel
assignment. Without being necessarily restricted by priority
calculated once, therefore, the base station 202 and the control device
204 can assign a channel as occasion may demand according to the
reception state of the mobile station 3 at the time when the packet

is transmitted.
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1. A base station comprising:

an acquisition unit for acquiring a packet transmitted from a
terminal device to a mobile station;

a priority calculation unit for calculating priority of
transmission of the packet acquired by the acquisition unit to themobile
station;

a welight processing unit for conducting weighting on the priority
of the packet calculated by the priority calculation unit;

a channel control unit for assigning a channel for transmission
of the packet to the mobile station, to the packet based on the priority
of the packet weighted by the weight processing unit; and

a transmission unit for transmitting the packet to the mobile
station on the channel assigned by the channel control unit.

2. The base station according to claim I, wherein the weight
processing unit conducts weighting on the priority based on a
transmission rate of the packet transmitted from the transmission unit
to the mobile station.

3. The base station according to claim 1, wherein the weight
processing unit conducts weighting on the priority based on time during
which the transmission unit does not transmit the packet, since the

acquisition unit has acquired the packet.

4. The base station according to claim 1, wherein the weight
processing unit conducts weighting on the priority based on time elapsed
since the terminal device has transmitted the packet.

5. The base station according to claim 1, wherein the weight
processing unit conducts weighting on the priority based on a reception

state of the mobile station.

6. The base station according to claim 1, wherein the channel control
unit assigns the channel to the packet based on the priority of the

packet weighted and a reception state of the mobille station.
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7. The base station according to claim 1, wherein the priority
calculation unit calculates the priority based on whether the packet
is a retransmission packet transmitted to the mobile station again by

the transmission unit.

8. The base station according to claim 1, wherein the priority
calculation unit calculates the priority based on a situation of a
transmission path formed between the transmission unit and the mobile

station.

9. The base station according to claim 1, wherein the priority
calculation unit calculates the priority based on guality of service

of the packet.

10. The base station according to claim 1, wherein the priority
calculation unit calculates the priority based on time during which
the transmission unit does not transmit the packet, since the

acquisition unit has acguired the packet.

11. The base station according to claim 1, wherein the priority
calculation unit calculates the priority based on a predetermined
transmission rate determined as a transmission rate of the packet
transmitted from the transmission unit to the mobile station.

12. The base station according to claim 1,

wherein the priority is calculated by using a plurality of kinds
of information, and

wherein the priority calculation unit comprises:

a plurality of individual priority calculation units for
calculating a plurality of individual priorities respectively based
on the kinds of information used to calculate the priority:; and

a priority unification unit for unifying the individual
priorities calculated by the individual priority calculation units and

determining the priority.

13. The base statlon according to claim 12, wherein the priority
unification unit determines the priority by multiplying the individual

priorities respectively by coefficients and adding up the individual
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priorities respectively multiplied by the coefficients.

14. A control device comprising:

a priority calculation unit for calculating priority of
transmission of a packet to a mobile station;

a welght processing unit for conducting weighting on the priority
of the packet calculated by the priority calculation unit; and

a channel control unit for assigning a channel for transmission
of the packet to the mobile station, to the packet based on the priority
of the packet weighted by the weight processing unit.

15. A communication system comprising:

a mobile station for conducting packet transmission and
reception; and

a base station,

wherein the base station comprises:

an acquisition unit for acquiring a packet transmitted from a
terminal device to the mobile station;

a priority calculation unit for calculating priority of
transmission of the packet acquired by the acquisition unit to the mobile
station; l

a weight processing unit for conducting weighting on the priority
of the packet calculated by the priority calculation unit;

a channel control unit for assigning a channel for transmission
of the packet to the mobile station, to the packet based on the priority
of the packet weighted by the welght processing unit; and

a transmission unit for transmitting the packet to the mobile

station on the channel assigned by the channel control unit.

l6. A communication method comprising:

acquiring a packet transmitted from a terminal device to a mobile
station;

calculating priority of transmission of the acquired packet to
the mobile station;

conducting weighting on the calculated priority of the packet;

assigning a channel for transmission of the packet to the mobile
station, to the packet based on the weighted priority of the packet;

and
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transmitting the packet to the mobile station on the assigned

channel.

17. The communication method according to claim 16, wherein the base
station conducts weighting on the priority based on a transmission rate

of the packet transmitted from the base station to the mobile station.

18. The communication method according to claim 16, wherein the base
station conducts weighting on the priority based on time during which
the base station does not transmit the packet, since the base station

has acquired the packet.

19. The communication method according to claim 16, wherein the base
station conducts weighting on the priority based on time elapsed since
the terminal device has transmitted the packet.

20. The communication method according to claim 16, wherein the base
station conducts weighting on the priority based on a reception state
of the mobile station.

21. The communication method according to claim 16, wherein the base
station assigns the channel to the packet based on the weighted priority
of the packet and a reception state of the mobile station.

22, The communication method according to claim 16, wherein the base
station calculates the priority based on whether the packet is a
retransmission packet transmitted to the mobile station again by the

base station.

23. The communication method according to clalm 16, wherein the base
station calculates the priority based on a situation of a transmission
path formed between the base station and the mobile station.

24 . The communilcation method according to claim 16, wherein the base
station calculates the priority based on quality of service of the

packet.

25. The communication method according to claim 16, wherein the base
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station calculates the priority based on time during which the base

station does not transmit the packet, since the base station has acquired

the packet.

26. The communication method according to claim 16, wherein the base
station calculates the priority based on a predetermined transmission
rate determined as a transmission rate of the packet transmitted from

the base station to the mobile station.

27. The communication method according to claim 16,

wherein the priority is calculated by using a plurality of kinds
of information, and

wherein the base station calculates a plurality of individual
priorities respectively based on the kinds of information used to
calculate the priority, and

the base station unifies the individual priorities and determines

the priority.

28. The communication method according to claim 27, wherein the base
station determines the priority by multiplying the individual
priorities respectively by coefficients and adding ﬁp the individual

priorities respectively multiplied by the coefficients.

74



